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RESEARCH MEMORANDUM

STABITITY AND CONTROL CHARACTERISTICS OF A FREE-FLYING MODEL
WITH AN UNSWEPT WING OF ASPECT RATIO 3 (XS-3)

By Charles V. Bennett and James L. Hassell, Jr.

SUMMARY

An investigetion of the low-speed flylng characterlstics of a low-
aspect-ratio alrplane configuration has been conducted 1n the Langiey
free-flight tummel. The model consisted of a thin unswept wing of
aspect ratio 3 mounted on a circunlar fuselsge of flnemess ratioc 9.33
to simulate the XS-3 research sirplane.

The results of the tests indicated that the statlic longitudinal
stability characteristics of the model with flaps retracted were satis-
Pactory. With the flaps deflected the longltudinal stabllity decreased
with increasing 1ift coefficlent so that it was necessery to move the
center of gravity to the leading edge of the mean serodynamic chord to
obtain stebility at the stall. The longltudinal stabllity could be
increased over the 1ift range by meving the horlzontal tail upward,
but the varistion of stabllity with 11ft coefficlent for the flaps-
deflected configuration was not eliminsted. The dynamic longitudinel
stability characterlstics of the model were satlsfactory when sufficilent
static stablility was provided.
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The model had high static directional sta.bili?cjr'a?er the entlire
1ift range. The dynamic lateral stebllity characterlstlcs of the
model were satisfactory at all 1ift coefflcients up to the stall, dut
because of the small span of the aspect ratioc 3 model the rolliing
motions were faster and more dlfficult to combtrol than those for
models of higher aspect ratio. At the stall, erratlc rolling motions
were encountered which were very difficult to control. The lateral-
flight characteristics were consldered unssabisfactory when the
directional-stability factor CnB wes less than 0.002 because large

Yaw angles wers reached which caused 4dlfficuity in malintaining control.
A lsrger value of an was required for satlsfactory flyling charac-

teristics for the aspect ratio 3 model than 1s requlired for models of
higher aspect ratio.
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INTRODUGCTION

The use of low-aspect-ratlo wings has been proposed as a possible
means of eliminating or minimizling some of the problems of high-speed
flight. As & part of a general reseasrch study of the stability charac-
teristics of low-agpect-ratio wings, an Investigation was conducted in
the Langley free-flight tummnel to determine the low-speed stebility
and control characteristics of an alrplens model wilth an unswept
aspect ratio 2 wing (reference 1l). Thie work showed that the flight
characteristics of the aspect ratio 2 model were not as good as those
of an aspect ratio 6 model. The present investigation was undertaken
in order to obtalin datas for an lntermsdiste aspect-ratio model and to
determine the low-gpeed flight characteristics of a model similar
to the X5-3 airplasme, a high-speed alrplans configuration equipped
with a thin unswept wing of aspect ratio 3 and taper ratio O.k.

The investigation included force and flight teats of a model with
an unswept aspect ratio 3 wlng and a fuselage of fineness ratio 9.33.
Tests were made with flaps retracted and extended. In addition, the
effect on flight characterlstics of mass distrlibutlion, horizontal-
talil locatlion, end static dlrectional stablillity wes obtalned. Calcu-
lations were made to determine the oscillatory-stabillity boundaries
of the test model and the results of these calculations were correlated
wlth the flight results.

SYMBOIS

The forces and momsnts were measured sbout the stebility axes. A
diagram of these axes showlng the positive directlions of the forces
and moments is given as figure 1.

[+ - angle of attack, degrees

C1, 11ft coefficient (Lift/qS)

Cp drag coefficient (Drag/qS)

C pitching-moment coefficlent (Pltching moment/qST)
Cq rolling-moment coefficient (Rolling moment/qSb)
Cn‘ yawlng-moment coefficient (Yawing moment/qSb)

Cy lateral-force coefficlent (Lateral force/qsS)
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wing area, square feet

dynamic pressure, pounds per square foot
wing span, feet

alrspeed, feet per second

radius of gyration aebout the principal X-axis, feet
radius of gyration sbout the principal Z-axis, feet

flight-path angle, positlive refers to climb, degrees

angle of attack of principal longitudinal axls of airplane,
positive when principal axis 1s above flight path at the
nose, degrees

welght, pounds

wilng loading, pounds per square foot

tail length, measured from center of gravity to center of
pressure of tall, feet

mean aerocdynemic chord, measured in plane parallel to plane

b/2
of symmetry, feet (g— L[(; c2 d.'l'a

mass density of alr at standard conditions, slugs per cubilc
foot

angle of sldeslip, degrees
yawing-angular~veloclty paremeter, radisns

helix angle generated by wing tip (rolling-angular-velocity
parameter), radlans

relative-density factor (m/pSb)

mass, slugs
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effective-dlhedral parameter; rate of change of rolling-moment

coefficient with angle of sideslip, per degree gk

directional-stability parameter; rate of chenge of yawing-
moment coefficlent with angle of sidesllp, per degree

L
unless otherwlse noted g

effective side-area parsmeter; rate of change of lateral-
force coefficlient with angle of sideslip, per degree

aC
unless otherwise noted gﬁl

rate of change of yawing-moment coefflcient with rolling-

angular~-veloclty factor, per radlan 90—%
v

rate of change of rolling-momsnt coefficlent with rolling-

angular~veloclty factor, per radian B_C%
v
rate of change of lateral-force coefficient wilth rolling-
Cy

b
%

angular-velocity factor, per radlan

rate of change of yawlng-moment coefficlient with yawing-
angular-veloclty factor, per radian BT—];-
2v

rate of change of rolling-moment coefficient with yawing-
angular-velocity factor, per radisn <%
ov

rate of change of lateral-force coefficient with yawing-

angular-veloclty factor, per radisn =
O
v

incidence, degrees
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R Routh's discriminant (R = BCD - AD? - BZE = 0)
where

A, B, C, D, ahd E are coefficlents of the stability equation

Subscripts:
t horizontal tail
w wing

APPARATUS

The Investigatlion was conducted in the lLangley free-flight tumnel,
which is designed to test free-flying dynamic models. A complete
description of the tumnel and 1ts operation 1s given in reference 2.
The force tests were made on the free-flight-tunnel six-component
balance which 1s described in reference 3. This balance rotates in
yew wilth the model so that all forces and moments are msasured gbout
the stebility axes shown 1in figure 1.

Photogrephs of the model, used to simulate the X5-3 alrplans,
are shown in figure 2 and a three-view skeich is shown in figure 3.
The model was a mlidwing configuration and had a circular section
fuselage of flneness ratio 9.33, the aft portlon of which was blunt.
The conventional stabilizing surfaces were mounted on a boom aft and
gbove the fuselage. The unswept double-wedge alrfoll sectlon of aspect
ratio 3 and taper ratio 0.4 was equipped with full-span 0.15-chord
leading-edge flaps which were deflected 00 or 30° and inboerd tralling-
edge split flaps of 0.30 chord which deflescted 0° or 60°. The flap-
deflected configuration consisted of the tralling and leadlng-edge
flaps deflected simmitaneously.

The model was so constructed that the horlzontal-taeil incldence,
the vertical location of the horizontel tall, and the mass distribution
could be varied. Ths directional stability of the model could also be
varied by mounting vertical fins of various sizes along the fuselage
both ahead of and behind the center of gravity.

The dimensional and mass characteristics of the model are shown
in table I.
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TESTS AND CALCULATTIONS

Force Tests

Force tests were made over an angle-of-attack range from 0° to 20°
to determine the statlc longitudinsl stabllity characteristics of the
model with flaps retracted and deflected for two vertical locations of
the horizontal stabilizer. The Incldence of the stabilizer was varied
from 0° to -10°.

Tesbs to determine the statlic lateral stablility characteristics of
the model with flaps retracted and deflected and with The vertical
tall off and on were made at ¥ = t5° over an angle-of-attack rangs
from 0° to 20°. Imn addition, data were obtained with various smounts
of directional stebllity by mounting vertical fins of different sizes
along the fuselage both ahead of and behind the center of gravliiy as
shown in table IT. Alleron-effectlvenoss tests were made wlith the
left aileron deflected t6° and t12° over an angle-of-attack range
from 0° to 20°.

All force tests were made at a dynamic pressure of 3.0 pounds per
square foot which corresponds to & test Reynolds mumber of spproxi-
mately 250,000 based on the msan aerodynsmic chord of 0.785 foot.

Rotation Tests

Values of CnIJ and. Czp for the model wing were obtalned by the

forced rotetion method in the Langley 20-foot free-spinning tunnel.
For these tests, the model wing was mounted on a rotating strut in
the vertical air stream, and yawing and rolling moments were msasured
for two rates of rolling rotation.

Flight Tests

Flight tests to determine the dynamic longlitudinal and lateral
stability characterlstics were made with the center-of-gravity position
varied from 0 to 10 percent of the meen asrodynamic chord. The lightly
loaded model was flown over e lift-coefficient range from C.42 to 0.62
with flaps retracted and from 0.47 to 1.17 with the flaps deflected.
Addtional flight tests were made wlth the flaps deflected, with the
model heavily loaded, over a lift-coefficient range from O.47 to 1.0k.
The mass characteristics for the light and heavy loading conditions
are glven in teble I. In addition, £flight tests were msde to determine
the effect upon the lateral flight behavior of decrsasing the

Tt e e g e e ~
—-ﬂ.-u-uw- vt ma o .—.;..‘ls\l-:-.. *




L)

"y

p—

¢ . o ws
WL b i e M 4~ e
7

NACA RM No. I8JOk4

directiornal stablility by decreasing the slize of the vertical taill or
by adding vertical fin area forward of the center of gravity. (See
table IT.)

Calculatlions

Calculations were made by the method of reference 4 to determine
the boundary of zero damping of the lateral oscillations (R = 0)
for a 1lift coefficient of 0.6 for the flap-retracted configuration
and for 1ift coefficients of 0.70 and 1.0 for the flap-extended
configuration. The asrodynsmlc, geometric, and mass characteristics
used 1n the calculations are presented in table ITI. The mass charac-
teristics of the model were obtained by meassurement; and flight-path
angle, trim airspeed, and angle of attack for each 1ift coefficient
were obtalned from flight tests. The values of GYB (tail off)

and Cnﬂ (tail ) were obtained from force tests. The values

c were calculated by the equation of reference 5
Dp(tall off)

of

which has been verified by unpublished experimental data. The other
tall-off stabllity paremeters were estimated from the charts of
reference 6. The tall contributions to these paramsters were calcu-
lated by equations similasr to those of reference T.

RESULTS AND DISCUSSION

Force Tests

Longitudinal stebility.- The static longltudinal stabllity charac-

teristics of the model are shown in figures 4 to 8. The data of
figure 4 show the effect of flap deflection on the 1ift, drag, and

pltching-moment characterlstics of the model for the basic configuration

with the center of gravity at the leading edge of the mesan aerodynamic
chord. These data show that deflecting the flaps lncreased the 1lift
coefficient at which the 1lift curve broke (considered herein to be the
maximm lift coefficilent) from 0.64 to 1.19. Thess data algo indicate
that with the flaps retracted the model had satlsfeactory longlitudinsl
gtability characteristics over the linear portion of the 1ift curve
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after which there was a slight nosing-up tendency. The flap-extended
data of figure L indicate a decrease 1n the statlc longltudinal
stability over the 1lift range such that for the center-of-gravity
location at the leading edge of the mesn aserodynamlc chord, nesutral
stebility was obtained before maximum 1ift was reached. The stebility
was increased for the flap-retracted and flap-deflected configurations
when the incidence of the horizontal tail was changed from 0° to -5°
or -10° as shown in figures 5 amd 6.

In an attempt to lmprove the static longitudinal stability charac-
teristics at the higher 1ift coefflclents, the horizontal tail was
moved upward 4 inches on the vertical tall; and the results for this
configuration are presented in figures T and 8 for the flap-retracted
and flap-extended confligurations, respectively. The flap-retracted
data of figure 7 Indicate that with the high horizontal-tail location
the static margin was Increased by gabout 0.10 over the linear portion
of the 1lift curve. The instabllity that was noted for the lower
horizontal-tail location was not eliminated but was delayed approxi-~
mately 2° by the upward movement of the horizontal tail.

The flap-extended date of figure 8 show that the upward movement
of the horilzontal tall resulted iIn an increase in stabllity over the
11ft range of sbout 0.12 static margin.

Lateral stability.- The effect of flap deflectlion on the lateral
stability cheracteristics 1s shown in figure 9. These data indicate
that a relatlively high degree of directlonal stebility (CnB over 0.005)

was obtained with the flaps retracted up to the angle of attack for
meximm 1ift coefficilent (a = 12°). After the angle of attack for
maximm 1ift coefficlent was reached, the directional steblllty was
reduced somswhat but was still relatlively high. The flap-deflected

date indicate the directlional stebllity was Increased by flap deflectlon
over the entire angle-of-attack range even after the le of attack
for maximm 11ft. The effective dihedral is positive '07':3) and

large over the angle-of-attack range for both the flap-retracted and
flap-deflected configurations.

Flight Tests

Flaps retracted.- The dynemlc longltudinal stablility chasrac-
teristics wilth the flaps retracted were satisfactory throughout the
lift-coefficlent range tested (0.42 to 0.62) with the center of
gravity at the leading edge of ths mean asrodynamic chord. The
longitudinal instabllity indicated in figure 4 for 0° incidence was
not experienced in flight because with the center-of-gravity location
used 1t was necessary to use the -10° stabilizer incidence for trim
at the stall end this tail Incldence provided stabllity at the stall
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ag shown in flgure 5. It sppeared in the tests that when satisfactory
static longlitudinal stebility was provided, the dynamic longitudinal
stebllity characteristlics were satlsfactory.

The flap-retracted flight tests to determine the dynamic lateral
stability characterlstics indicated that flights could be made with mno
difficulty with the allerons alons or wlth the ailerons snd rudder
interconnected at angles of attack below the engle of maximm 1ift
(e = 12°). However, the rolling motions were much faster for the
aspect ratlio 3 wing model used In the present Investigatlion than for
the aspect ratlo 6 model investigation which was reported in refer-
ence 1. The ease with which the model could be flown with allerons
alone was attributed to the small adverse yawing motions. These motions
were smell because of the large amount of static dilrectional stabllity
(£fig. 9), the low adverse yaw due to alleron deflectlon as shown in
flgure 10, and the posltive value of the yawing moment due to rolling
factor Cnp for this wing which 1s shown Iin figure 1l.

In reference 1 it was found that the adverse yaw due to alleron
deflection Increased as the aspsct ratio of the wing was decreased.
The wing used in the present investligation, however, does not show
this trend when compared with the data for wings of aspect ratlos 6
and 2 from reference 1. (See fig. 10.) Instead, the aspect ratio
3 wing has much smsller adverse alleron yawlng moments than elther
the aspect ratio 6 or 2 wings. This difference is believed to be
caused by the fact that the aspect ratio 3 wing has a very thin
section wlth & sharp leading edge,; whereas the wings of reference 1
had conventional round-nose alrfoll sectlions.

The positive Cnp of the aspect ratio 3 wing used 1in the present

investigation 1s compared with similar unpublished data for a highly
canbered round-nose wing of identical plen form in figure 1ll. These
date show that the present wing has positive Cp " whereas the cambered

sectlon has negative Cnp. This dlfference ls 1n agreement with the
values of an that were calculated by the squation for Cnp glven
in reference 5.

In the flap-retracted flight tests made at 1ift coefficlents which
corresponded to angles of attack above 12° (after break in 1lift curve),
erratic rolling motions were encountered and the model appeared to have
very little damping in roll. This result is verified by the rotation-
test data of figure 11 which show that the damping-in-roll factor Gzp

dropped to zero at 16° angle of atteck. The aileron control was
powerful enough but because of the relatively high rolling velocltles
of this small-span model, the pllot had conslderable difficulty in
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applying lateral control to keep the model flying smoothly at these
angles of attack. At times, the pilot Inadvertently relnforced the
erratic rolling motions, particularly in Plights with the heavy
loading condition in which the increased rolling inertie caused
"overshooting" in controlling the attltude of the model in roll.

There was no s8ign of oscillatory instability in any of the flights
made wlith the flaps retracted. The location of the osciliatory
staebllity boundary as shown by figure 12 indlcates that the lateral
osclllation would be stable for eny poslitive value of dlrectional
stability. Thils boundary is valid only for a 1ift coefficient of 0.6,
however, snd would be expected to shift upward with decreasing 1ift
coefficient. The most critical lateral-stability condition with flaps
retracted would probably be at very high speeds which could not be
gsimilated In the Langley free-flight tumnel.

Flaps deflected.- Flight tests made with the flaps deflected
indicated that the dynamic longitudinal stebllity was satisfactory
below a lift coefficient of 0.65 with the center of gravity at 0.10 mean
aerodynamic chord. At 1lift coefficlents above 0.65, the longitudinal
stabllity decreased, and constant attention to the elevator control
was required to prevent the model from nosing up. The force-test data
of flgure 13 show the decreased stability at high 1iPt coefficients
for this center-of-gravity position. The pltching motlons were not
of a particularly violent nature because the nosing-up tendency was
rather mild. When the center of gravity was moved to 0.05 mean asro-
dynamic chord the longlitudinsl stabllity was satisfactory up to a
11ft coefficlent of 0.80. When the 1lift coefficlent was increased
above 0.65 for the 0.10 meen serocdynamic chord center-of-gravity
position or 0.80 for the 0.05 mean aerodynsmic chord center-of-gravity
position, the longltudinsl stabllity became progressively worse and
the model usually nosed up, stalled, rolled off, and crashed.

With the center of gravlity located at the leading edge of the mean
aerodynamic chord, the model could be flown up to a 11ft coefficient of
1.17 with no difficulty. As in the case of f£flaps retracted the negative
tall incldence required for trim at the stall had a stabllizing effect
on the pitching-moment curve at the stall, and thls effect plus the
stabilizing effect of moving the center of gravity forward accounted
for the abllity to fly the model up to a higher 1ift coefficient with
the center of gravity at the leading edge of the mean asrodynamic chord.

Flights made with the horizontal tall moved upward 4 inches and
with the center of gravity at 0.05 measn aerodynamic chord indicated
that the model could be flown up to a 1ift coefficient of 1.05 compared
with a 1ift coefficient of 0.80 with the lower horizontal-tail location.
Above a 1ift coefficlent of 1.05 the model tended to nose-up but could
usually be controlled ‘falrly well wlith the elevator. The improved
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f1lying characteristices with the high position of the horizontal tall
would be expected from the force-test data of figure 8 which show
that the static stability was Increaséd over the entire 11ft range
and that a higher angls of attack was resached before static
instability occurred.

Lateral-flight characteristics of the model with flaps deflected
were consldered satisfactory over a lift-coefficlent range from 0.47
to 1.17. These flights wers made with the light conditlon and with
the center of graviiy at the lesding edge of the mean aerodynamic
chord. As the model stalled, there was a slight rolling tendency,
but the dropping wing could usually be picked up by the ailerons which
retained some effectiveness at the stall. Flights made with the heavy
loadlng at 1ift coefficlents from 0.57 to 1.1 indicated that the flight
cheracteristics were slightly worse than for the light-loading
condition because the Ilncreased inertlas resulted 1n an overshooting
tendency simller to thet previously described for the flaps-retracted
condition.

Effect of directional stabllity.- The results of the flights to
determine the effect of decreasing the dlrectional stabllity are
sumarized in figure 1k. The vertical-tall configurabions tested are
shown on table II along with the values of C—D_B 3 07’5’ and GYB that

were determined from force tests. The valuss of Cnr were estimated
from the equation

Cn,. = Con(tat1 orr) - z%cnﬁ(tail)

The value of Cp, for the tail-off condition was calculated by

agsuming that the tall boom acted as a vertical tall with the tall
length measured to the center of area of the .boom. The large value
of Cn“3 of the tall boom accounts for the large value of Cp,, tThat

was obtained with the tall off. All of these flights were made at a
11t coefficlent of approximately O0.T.

The resulis of the tests In whlich the dlrectional stability was
decreased by removing vertical-tall area showed that the model couwld
be flown with no difficulty when the directional-staeblility factor CD-B

was reduced from 0.0085 to 0.006%. When Cng was decreased to 0.0019,

the model yawed conslderably but did not get out of control even with
the allerons alone. A further decreasse 1in Cnﬁ to 0.001k resulted

in increased yawing motions but the model could still be flown allerons
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alone. Crashes were frequent with this condition, however, because of
the large yawlng motions. These results indicate that the present
model could be flown satisfactorily with valuses of an lower then

the minimm values that were considered satisfactory for the aspect
ratlio 2 wing which was reported in reference 1. It 1s belleved that
the smaller adverse yawlng moments of the aspect ratio 3 model
probably caused this difference in fllight characteristics. No flights
were mede with the ailerons and rudder interconnsected for values

of Cn13 below 0.0064 because removal of both the fin and rudder was

nscessary to reduce Cnﬁ to 0.0019.

The flight tests made wlth the directional stebility reduced by
edding vertical-fin area shead of the center of gravity (so that
rudder control could be maintalned) show that the model could be
Plown wlith the directional stability as low as 0.0023 with allerons
and rudder interconnected or with ailerons alone. Below 0.0023 the
model tended to fly 1n a slipped attitude after a disturbance and
could not be corrected by the allerons. This condltion was not unllike
those reported In reference 8 in which a model was considered unsatis-
Pactory wlth & comblinatlion of low directionsl stebllity and high values
of the lateral-force parsmeter CYB. High valuss of CYB were obtalned

in the present tests when large lateral areas were used.

The high values of the demping-in-yaw parameter Cnr which also

were obtained with these vertical—fin configurstions (table IT) tended
to oppose the yawling motions; but once the model reached a large yaw
angle, the demping glso tended to reslst the return to zero yaw. This
damping-in-yaw effect was studled in detall in the investigation
réported in reference 9. It is of Interest to note, however, that

the values of Cp,, obialned in the present investigatlon were from 2

to 10 times as large as the largest used in refersnce 9. The relatively
large values of Cnr for the present model can be explained by the

following equatlion for Cnr(ta.il)z

Cnp(ta11) = ~220ng (ta11)

Inasmich as the span of the present model 1ls relatively small and the
tail length large, the resulting value 1/b for most of the vertical-
tall configurations tested was spproximately 1.0, whereas the valus

of 1/p for the aspect ratio 6 model used in reference 9 was about 0.5.
In addition, the values of Cnﬁ (tail) for the present model were as
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mach as five times as large as those for the model of reference 9
partly because of the relatively smaller area and span on which the
coefficients were based.

At no time during the £llight tests wlth reduced directional
stabllity were there any slgns of oscillatory instebility. The
boundary for a 1ift coefflcient of 0.7 wlth the flaps deflected, shown
in figure 12,has been replotted In figure 15 together with the combi-
nations of Cpg amd Cig with which flights were made to determine

the effect of decreasing Cnﬁ by removing vertical-tell areas. The
conbinations of CnB and Czﬁ with which flights were made sre on

the steble side of the oscillatory stability boundary (fig. 15)
which shows that the calculatlons are in agreement wlith the flight
results. This boundary does not apply to the conditions where CnB

was decreased by adding vertical-fin area forward of the center of
gravity because the stability parameters used in the calculations
were based on C 13 (ta1l) and therefore are not applicable to the

boundary because many of the steblllity parameters (such as Cnl)
would vary with the addition of the vertical f£ins forward.

CONCLUDING REMARKS

The results of power-off force amnd flight tests of a model
equipped with a thin aspect ratio 3 unswept wing in the Langley free-
flight tunnsl are summarized as follows:

1. The static longitudinal stability characteristics of the model
with flaps retracted were satlisfactory. With the flaps deflected, the
longitudinal stability decreased with increasing 1ift coefficlent so
that 1t wvas necessary to move the center of gravity Lorward to the
leading edge of the mean aerodynamic chord to obtain stabllity at the
stall.

2. Moving the horlzontal tall upward increased the static longi-
tudinal stebility over the 1lift range but dld not eliminete the
varistion in stability with 1lift coefficient for the Fflap-deflected
configuration.

3. The dynamic longitudinal stebility characteristics of the
model were satisfactory with flaps retracted or deflected when satis-
factory static stsbility was provided. When the statlc stability for
the flsp-deflected conflguration was too low at the higher 11ft coeffi-
cients, an undesirable nosing-up tendency was present.
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4. The model had high static directional stebillty over the entire
1ift range partly because a small amount of dlrectlional stebllity was
obtalned even wlth the vertical tall off.

5. The dynamic lateral stebility characteristics of the model were
satisfactory, and flights could be malntalined easily with eilerons and
rudder or allerons alone at all 1ift coefficlents up to the stall. The
rolling motions, however, were faster and more difficult to conbrol
than those encountered wlth models of higher aspect ratio. At the
stall, erratic rolling motions were encountered which wers very
difficult to control.

6. The flight characteristics were considered umsatisfactory when
the dlrectional-stebllity factor CnB was reduced below epproxl-

mately 0.002 because large yew anglies were reached which caused
difficulty in maintaining flight. More directionsl stabllity was
required for the aspect ratio 3 model than for models of higher
agpect ratlo.
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TABIE I

DIMENSIONAL AND MASS CHARACTERISTICS OF THE ATRFPLANE MODEL
WITH ASPECT RATTO 3 WINGS

1.600

Area, 80 £ ¢« « ¢+ ¢« ¢ ¢ ¢ 4 e s s s s s s s s s e e s e oas

Span, £H ¢« ¢« 4 ¢ e c 4 e e s e e s e s e s s s s e s e e s . 2192
Aspect ratio .« ¢« ¢ ¢ & ¢ s i e e s e s e s s s e e s s s s s 300
Mean serodynamic chor@, £t « « + « ¢« = o + 2 ¢« « o o« o = « . 0.785
Sweepback at 50 percent Chord, d8g =« « « « « o« o o s s s «+ + « « 8
Dihedral (relative to mean thickness line), deg + « « + « = « =« « O
Teper ratio (Tip chord/Root chord) .« « « + « « « « = « « « - » O.h

Alrfoll section « « « « ¢« « ¢ ¢ ¢ o s s o @ Flat plate wlth tapered
leading and tralling edges

Vertical tail:

Area-, Sq_ ft L] L] e & e & s & s &= 0-215

Heightft.........................o.h68
Aspect ratioc . . . e o s 3 = a s s s s s e a s s 1.02
Sweepback of leading edge, deg e 4 s & o s s w o s s s oa s » 43
Taper ratio (Tip chord/Root ch.ord.) s e s s e e e e e e 0278
Rudder area, S8Q L « « = o ¢ o « « o o « o s s s o o o » « » 0.060
Alrfoll sectlon + o ¢ = ¢ ¢ ¢ o o o« ¢ « s o s o« s s s « o Flat plate
Horizontal tall:
Arog, 8Q £5 ¢ ¢ ¢« o ¢ o ¢ 2 ¢ 4 s s s e s s s s s e s e 0.205
BPaN, Pt + « o o o o o « s 4 2 o o o s s s e o o o s s .« . 0.958
ASpPEct TEEIO « - ¢ ¢ ¢ o ¢ 4 o o e o s o s s s e a4 o s s s o 3,140
Swoepback of leading edge - = - « « ¢ o ¢ ¢ « o ¢ o s o s o » 22.5
Taper Tablo « « « o ¢ o« o « o o o ¢« o « s« o o s s s o s« o« » « 0444
Blovabtor AYe8 « « « « « o o o o s « s o s o« s o » « s « o « « 0,104
Alrfoll section « ¢« ¢« ¢ o o o ¢« o ¢ ¢ ¢ s ¢ a s s« s s « « Flat plate
Taill boom and dorsal fin area, 8¢ £ « . v e.e v + « ¢« « « o« « « 0.406
Fuselage fineness ratlo .« ¢ o ¢« o o ¢« o o ¢ o o 2 ¢ o s o o o & g:l
Fuselage lengbh, £t .+ « o « o ¢« « o o o o o o o o = o « s o « « h.667
Over-all length, ££ ¢ ¢ ¢« & ¢« ¢ o 4 o o o o o s o« s ¢« » a o« « =« 5.992

Heavy loading Light loading

Wolght, Ib « + o « o o o « = « & 8.370 6.845
Wing loading, Ib/sq £t . . . . . 5.230 e e L.270

Moments of inertias, gmﬁin.a:
Ix s & e e ¢ e e & & & s s 75 F] 652 e« o e =

41,325
971,769
987,186
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TABLE 1T

VERTICAL TAIL CONFIGURATIONS TESTED AT
A LIFT COEFFICIENT OF 0.7 WHICH CORRESPONDS
TO ANGLE OF ATTACK OF 8°
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CASE | Cng | Cig |Cyg | Cnr

I 00085 {-00020 [-0.0I15 | -1.39

I 00064 |-00023(|-0.014 | -105

o1 | 00019 |-000I6 |-0.012 |-0.51

NAYA 00014 |1-0.0010 -0.010 {-045 .

Y |F00005 |-0.0010 {~0.011 | —0.53

Y1 00060 |-00017 [-0.016 | —-170

YIOT | 0.0023-00018|-0.018] —-2.02

IX | 00018 |-00017|-0.019 | 2.1} -

X 00008 |-0.0011 | -0.020| -2.19

XTr [O.0005 00008 1 -0.021| -2.26
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DHARACTERISTICS OF ATRPLANE MOIEL WITH ASFECT BATIO 3 WIEG USED IN CALCULATIORS OF THE

BOUNDARY OF ZER) DAMPING OF THE TATERAT, OSCTLIATIONS (R = O)

CL = 0.6; CL = 0.T; Cr = 1.0;
flaps up flaps down flaps down

WE, bfeg b . . 000 ... h.o7 ko7 ko7

.............. 2.1g2 2,192 2,192
p, Blugafenw P& . . o u v ww . 0.008378 0 002378 0.002378
YV, Bbfec « 0 00 h o i e e . . o7 6%.].-0
l-'- -------------- . 5! 25 25- 9
L Fb v v v s e e e e e o.mﬁ 332 0.30%
kg, B 0 o0 e . Cen e 1.486 1 486 1.486
czp, per YAdlan . .+ 4 ¢ 0« s . s 0,25 - o.oah'rc-nﬁ(tm) 0.27 « o.ohmﬂ(w, 0.25 - 0. °1mna(ta11)
Cly DOT TEALAD & o v o v 0 4 4 s 0.15 + o.%(tm) 0.175 + 0. E%ﬁ(tm) 0.25 + 0. J.Blmnﬁ(m]_)
Cnp, por raddan « « « o 0 v o a s 0.055 + 0.2120ng 1y 41 -0.032 + 0. 2950"&(1;&11) -0.068 + 0. 1131:3(:,.,'3 (+a11)
Crpy POT TAAIAD + & 4 o o 0 o 4 . ~0.015 ~ 1.89035(1311) 0.072 + 1. Becng(mn -0.087 - 1. aecnﬂ(mn
Oy « v v v e 0 0
Cyp oo v emnnvonenann 0 0 ]
Cyp, Por redlen « « « v v v o b s -0.460 - 1.100ng ¢441) =0.573 = 1.10Cng(1411) “0.515 = 1.100pg (t011)
Gﬂﬂ(tu:ll ofg)s PeT railan ¢.000 0.000 0.000
Ty 088 » v v e s ot h e e e -17.5 -20.0 -18.6
@, deg - . o 4. - i 7.5 1.0
My, 388 o « « s s 4 Cer e T 4.5 8
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WIND DIRECTION
\ /-,

WIND DIRECTION s
e

7

Figure 1.~ The,stabillity system of axes. Arrows indicate positive
. _directions of moments, forces, and control-surface deflections.
“This system of axes 1s defined as an orthogonel system heving the
origin at the center of gravity and In which the Z-sxis 1s in the
plane of symmetry and perpendicular to the relative wind, the
-axis is in the plene of symmetry and per_pend.icular to the
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Figure 2.- Photographs of the model used in the tests. (Model was
egulipped with a double-wedge section Instead of the cambersd
section as shown.) '
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Figure 4.~ Effect of flsp deflection on the 1lift, drag, and pitching-
moment characteristics of the test model. Center of gravity at
leading edge M.A.C.; 14 = O.
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ABSTRACT

The results of power-off force tests and £light tests of a model
with & thin unswept low-aspect-ratio wing are presented. The tests
were made with the flsps retracted and deflected and the effects on
the lateral flight characteristics of decreasing directional staebility
were noted.
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